We present the Higgs Characterisation (HC) framework to study the properties of the Higgs boson observed at 125 GeV. In this report, we focus on CP properties of the top-quark Yukawa interaction, and show predictions at next-to-leading order accuracy in QCD, including parton-shower effects, for Higgs production in association with a single top quark at the LHC.
I. INTRODUCTION
The Higgs Characterisation (HC) presented in [1] , which follows the general strategy outlined in [2] , provides a framework that allows one to study the Higgs boson properties, based on an effective field theory (EFT) approach. The EFT lagrangian featuring bosons with various spin-parity assignments has been implemented in the mass eigenstates in FeynRules [3] , whose output in the UFO [4, 5] can be directly passed to MadGraph5 aMC@NLO [6] . The code is publicly available online in the FeynRules repository [7] . By employing this framework, we can compute both inclusive cross sections and differential distributions matched to partonshower programs, up to next-to-leading order (NLO) accuracy in QCD, in a fully automatic way (for the most important spin-0 scenario), and have recently studied all the main Higgs production channels (gluon fusion, weak vector-boson fusion and associated production, and ttH) [8, 9] , as well as the sub-dominant process, associated production with a single top quark (tH) [10] . In this report, we focus on tH production, which is particularly interesting for Higgs characterisation.
II. HIGGS PRODUCTION IN ASSOCIATION WITH A SINGLE TOP QUARK
As in single top production in the SM, tH production is always mediated by a tW b vertex and therefore it entails the presence of a bottom quark either in the initial (t-channel and W -associated) or in the final state (s-channel). t-channel tH NLO cross section with uncertainties at the LHC13
dσ/dp T FIG. 2: Left: NLO cross sections with uncertainties for t-channel tH production at the 13-TeV LHC, with different PDF sets. For the uncertainties, the inner ticks display the scale (plus combined flavour-scheme) dependence δ µ(+FS) , while the outer ones include δPDF+α s +m b . The scale dependence is estimated varying the renormalisation and factorisation scales by a factor 2 around the static (left) and dynamic (right) scale choices. Right: pT distribution for Higgs boson at NLO+PS accuracy with Pythia8 [11] . The lower panels provide information on the differences between 4F and 5F schemes as well as the differential K factors in the two schemes. See more details in [10] .
For t-channel tH production, diagrams where the Higgs couples to the top quark interfere destructively with those where the Higgs couples to the W boson, making cross sections and distributions extremely sensitive to departures of the Higgs couplings from the SM predictions. To assess the possible deviations, reliable predictions and estimates for the residual uncertainties are indispensable. To this aim, we first provide the SM predictions including QCD corrections at NLO, paying particular attention to the uncertainty related to the different flavour schemes, so-called 4-flavour (4F) and 5-flavour (5F) schemes; see fig. 1 for the Feynman diagrams.
In MadGraph5 aMC@NLO the code and events for t-channel tH production at hadron colliders, e.g. in the 4F scheme, can be automatically generated by issuing the following commands: 
where X 0 labels a generic spin-0 particle with CP-violating couplings, c α ≡ cos α and s α ≡ sin α are related to the CP-mixing phase α, κ Htt,Att are real rescaling parameters, and g Htt = g Att = m t /v (= y t / √ 2). After launch, one can modify param card.dat to change the parameters, e.g. c α = 1 , κ Htt = 1 for the SM case.
The SM NLO rates and distributions with theoretical uncertainties are presented in fig. 2 (as well as in tables I-III for the explicit values of the rates), where the flavour-scheme combined prediction is defined by
with [13] .
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+3. [14] . Finally, we go beyond the SM Higgs coupling to the top quark, and present the dependence on the CP-mixing angle α for the tH and ttH production cross sections in fig. 3 . The nature of the top quark Yukawa coupling also affects the loop-induced Higgs coupling to gluons and photons. In the figure, to keep the SM gluon-fusion production cross section, the rescaling parameters are set to κ Htt = 1 and κ Att = 2/3. The LO cross sections for loop-induced HZ [15] and HH [16] production via gluon fusion are also shown as a reference.
